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PROBLEM TO BE SOLVED: To simulate the pitch 
characteristic (moving formant characteristic) and time 
characteristic (transient characteristic) of natural musical 
instrument tones by using simple circuitry. 
SOLUTION: The difference (yin-yn) between the reference 
waveform yin formed by a wavefomt generating section 1 5 or 
delay device 16 and the vibration waveform yn formed by a 
nonlinear vibration section 1 1 is multiplied by a perturbation 
gain Kn variable with lapse of time read out of a table 20 for 
controlling the perturbation gain corresponding to the count 
value of a counter 19 for clock in a multiplier 13, by which the 
perturbation waveform b f (fyn= Kn)(yin-yn)) to the nonlinear 
vibration section 1 1 is obtd. On the other hand, the time 
difference item ATn read out of a table 18 for controlling the 
intrinsic vibration frequency corresponding to pitch data (d) is 
set at the differential equation f(ATn, Kn) of the nonlinear 
vibration section 11. The differential equation f(ATn, Kn) of 
the nonlinear vibration section 1 1 is perturbated by the 
perturbation waveform b\ 
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© j ^^^s® c co tf y d tcjs CTimmmw}^ 

@Ca(DmftJjm&f (AT, , K„ ) CDR^Hft-JgAT 

m:.fcoTa&*8*©*e©*S1#tt£->5:xl'— h 30 
[0 0 3 6] *3EMtC«*flf*^4©*^J«S«J4. 

ah. fflfE#*»IB»^aa3Wia*T*S»tt»y. * 
»?r£ISffliIffia-&fc«fcS*M8JBy i. tLTtti:ft-f3 
aM#gpi. W«Bji5£#ap3i*»fe-rsaq««»y i 
. tlftE#*»fi«i*aa*»Hi*-r*lB«ia»y. i© 
i»(yi„ -y. ) *t*Clt^StJV»T#«JgJB» 40 

f9asaiit*«»a»b' £«<irr*«#¥a i 
t, Bfa©3Kifa»cot:^^ig*dfcjKi;T«»E#* 
mmm^Wi a <Df%mmttm at, om&soit sett 

tv>5. #*HfBiBft#aassft-r*fc«><z)a»is» 

b' £5S£T3©tc> immmwi^ma^mti-r^mm 

fyi, t#«»«»^aa**tH*-r*S»ift»y. t 
*«HL^a i tHl»T-t©l6» (y in -y, ) 50 
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T, Q W«»Hift»«lfP*a J c © tf v 

*d»C*UT#«»i8ib^aaO«£»*SSf (AT 

, , K, ) CDBtWS^AT„ CDfgSr^H-r'Sdti'.t 
0^«^Sft^aa««l|t±O«fPBtt*BE«f#!S3-ia-. 

immmwi^atm^^m^mm (u s<y mm* 

[0 0 3 7] #5B9Ifc«*»#«5©*#-&J5£gBtt, 

jj*-r«k3it. ^«»*»3Ere*TEiE*nsejafi»* 

at. SmfoMy i. *»ttS*»»tf9ht, i!u 
EftJB«£*Rhrt*SS£T*asqs«}By i. t«rE#* 

MMW}^matftiitl-rz>MW}%iMy a t©S# (yi, 
-y. ) &iz2>Z.t\Z&-3\,*T$mj&&$h^@za'£:1&m 

^a q #.tH# LfcRfn^-* D t t i;TmH2i^g:^a 

mwif-i >uw^wc r t &e iti^ n t znmt lt 

US. #M»»Sft#aaSS»-r*fc»®«»»»b' 

££§£-r3©tc, »^¥ghl;<t§S«fy i, 
t**»fift#aa*«W*-r-6lift«*y. t£i$»# 
a i f-#^T-?-©ig^ (yi. -y, ) S-tSZltirS 
O^TJSShSP b ' £?££3-ttrTH-5. flT, fH#^ 
a q **f6«W*6^^ b tH$ LfcPtr.lT-i' D T iP^ffiJ 

MS3H f icj^i;TM»^a i 3wa*ra#aw»fi»*a 

aoi^gsf (at. , k„ ) ic^f-r-sjsa^^ 

jgo^flf^^ (BUWte©&^) arrays*® icfis 

snsu 5y h+K^;^l^iIL. sgrg&ffi* c ©£ 
iLTH< t^fc@^*§§##©i®^#14£->SiU 

- h-r-sc: t#r#s. 

[0 0 3 8] #SBMte«*«#JS6©*«£jdcg«tt. 

jUT&oiz, ip*»«»*sscTEjean*eaiB»jR 

at. mZimBMm^&atfliitl-rzMWil&My* * 
Bf3S«PMaffiS-a-fc«t:«*P«£»y i. iUfflAtS 
ISfipi, MEiIffi#ap3J«5Sfr*aS*i5iS»y i 

, t mE#is»BSft#aa^m*"r y. t© 

(yin -y. ) &tZ>Z\tlzm-3^T4mBMm 
*aa*Kft-raSJ»ift«b' g i 

qt, iiEW-^^aq^n-^fbfcienT*— ^Dt kuku 
TWE«i¥#a i 7i«tB*-r<5«»»[»b ' <Dmmy< > 
k. &Mffl?z>m.m?-i ymm^wcr tzm^x^zz 



( 10 

17 

t>TZ>Mm$iWy« SjIB£*apK:J:«3«IE3tfT£i« 
i£ft*y„ tg*)l¥8ii:lv»T*oS» (y i. -y 

„ ) ztzztizm-j^TmrnwiBb' s56±s-&tv» 
Mf-j'D, 9%i«nfi« f iz&CTMwmm i 

-r***»«»*S!a©iS«-*llS:f (AT, , K. ) 
IZttTZMmmMb' ©«»y-f >K. *SgftS-ff*Il 
ttJ:0. sft^j£^©£/£g-&v> (S»!tt©#£^) a 10 
uts!6e«»ts*sns'jsy MMiui'WBSsHS 

L, **«»c©it&±#Dj^Sfe£HJtBttSB^S** 
[0 0 3 9] *»9JJCftStt#JB7©**£j*iSBte. 

sfeots^x, HTtc^-r^^ic $mmvkftjj&j!: 
Mfght, mB«»58£^aha*$s£?-*2s«P«» 20 

yi. £ffiffi#*»S»*Ratf«a#-r*Stt«Jgy. 
£©^# (yi. -y. ) S t* £ tlcSo'V^T^H^ 

mwi^a^mwi-r^mm^b' s^-r^MH^a 

WlfgaOWIi^AT. ©«*££-*-*££ 

tct 0 imw^mm^wt a ©B#s»©fl«**«»-r* 

mm&i&b' ©fit»y-f>Ki *«»-r««»y-f >« 30 
MW)^®a&mm-?z>fzst><Dmmiik}&b' £%£-r-i>© 
*aa**m*-r*is»ift»y. tswitfaiici^T 

^©M# (yi, -y, ) St*Hd:K»^Ta»iS 
»b'. *5fifeS-a-TV»*. HWJSSlJia&ifcSW 

*a a ©£#*S5£ f (AT. , K. ) ©PSMSStfJfiA 
T, O*SSEH-r*^tK«t0#«IJKJB»^aaO«i|L 
±©«*IHH*£ffi»#«S-&, #M»II¥Sa«i3t£t 40 
4@*JS»I (USyHt-f^W ©H»ft*«fl:S-B\ 
^ntc J: o T a*8*»*©*6©*JM*ttfc v SaV- 
ht4Ct#T*4. S&fc, tHSf^aq 
jS^SWRSL&WHW^-^D, bp-sisihib* f KJfcUT 

**^a i ^aj*-r*#*»s»^aa©ss»*gic f 

(AT, , K„ ) iZttTZmmtiiMb' ©»y-1 , >K 
. &mtt;i±Z>Z.£iZ&K). *£«JB©5fej£*£V> (H 

jwtt©«^o a^**»»icaft*n* 'j 3 y h-tM 
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[0 0 4 0] *%91i;:ffi«flf$3 8©«#£j&8Bt;):. 

5t)©"?*^T, Hsfc^-Tckotc, ^«jga»*esc 
T?EJfisn* &mmm&&mftM3uz7zJ5>)i~>5. v 

mti-rzM«}®.My„ zmfemmmmzittzmzmm®. 

a*«£-rsa*wftji*y in tmmmmmm^ma^m 

JlT&Mmi&My* t<Dgft (y i. -y. ) 
<t \zm-3^T4m&MW)^& a &gMtrf*&tt&& b ' 
Z>mW-^Wc i t. »Wlli&*S^iiUT«PIHHi 

ffltw-wp-r-sfn^^aQ t. mBM-is^aqrtwsufc 
«fM7*-^DT K*si;TiHE«»^a i 

art. BfSO^&JRcOtry^BiRdKlS^TffirE 
#«»ffi»#aa©ll*IHS»-JSAT. ffll^fltSI 

t ic j: o tmB&m^&t a ©swts»)©if ifift **j»-r 

tLTM. #tt»gft^aa*«»T*fc»©SHBl» 

j^b' *^^T-g.©fc. #ttjg«ft#aa*«ifi*-raa 

mm&y„ $as^aptc=tosi£$-a:T±^Lfc»2p 

i£ffi*yi„ t**»lg»*aa*»tH*-r*IB»»»y. 
t*«»*ai KSI^T-t©S» (yi. -y. ) £t 

d, BP-&^rMB*f fcisi;T«jit^ai**ta*r**» 
«ag»^a a ©fsflg&ga f (at. , k. ) K*rr* 
mmmtb' ©«»y-r >K„«{t$t5uti:j; 
o. *#sfi»©*3£*^v» (H«tt©ae^to 
jft»fca*sn*u3y mh'^wbsmseu 
isjg c ©Sf6±j6t o acFSfjesuuMfcffia* <=> i'^^s 
«H*»fca»ixTv»< tir»-3fca«i*»4*w©ia*4*tt 

&»IW a J c © If y ^B* d Cjfc CTIE 

»»fil(l#aa©S»*SSf (AT. , K. ) ©KfM 

^jrat„ om&^-rzztiz^QimMMm^m 

a©»HE±©«FM«iejEEIt#3RS1t. &mBWM¥&Si 

[0 0 4 1] *%BJlC^4tt#JS 9 ©**^dtfiBtt, 

±IBW^S 1 *J i^ffi*^ 2 ^SELT ± 0 S^MtC-T 

*t>©i?*oT, a 9 tc^-Tcfc 5 tc #«a»«»*es; 

-Mfc««i?gat, SSI ©£«*«» yh. S 
%4t?»if^4fg:hi:, WIB^^lilft^aa^iii 
t>-rz>i)aW]%i&y„ *Bf^Wiffiffi«-a-fc»lc»2©S 
ipj^^y. (t -D) tUTffi*-r5iBJ6*ap t. JW 
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t2miwa*«jKyh„ tmmm 2 e>mm&&y» <t 

-D) t&WQ&7LT&m%LMy i„ t LTal^lrtB 
n £©M# (yi, -y. ) StSCtKlS^T** 

-f>K„ *«»-r*K«iy-f r <h. 0fS©^ 

c<v¥y j-mn d icjs u t fftmmMMm^m a 

©BfRUSft-JgAT, <0«[*«3e-r*CtK:J:D*ll»iS 

h. tilM^g:p^e,«^2«)a*S^y n (t-D) 

t©5-6^-rn*»*sn»»t»y i. tuxswu mi? 
i {-ffi^r-s. #*»fi»#aa&suKrr*&«>© 

yi. t*«»fi»#aaj5«m*-r*lH»tt»y. 
i C»HT*<!)«» (yi. -y. ) 

§tS##t q s6t58*W*6RF^ 6 atB# b /tP#F^-^ D, 

w%mmmm f t«i;T«j¥*a 1 rfmti-tzimBm. 

a ©HEfl^eit f (AT. , K. ) 

WHttfflS^^) 

j #*S«»c©fcTy^fi*dK:«i;TIMi»iI 
»>¥©a©S#7j*i:£f (AT. , K. ) 0^fWS»3i 
AT. ©«£«HT*H£KJ:B#*»JK»^aa©« 
IF±OI*IB«SBE«#»S-&. a 

it. Chi: ±9TS«aS«f OtfiOf *Wt*i'5 a 

[0 0 4 2] «T. *5898»C«***^-j«Sll©a#:« 

a. 

[0 0 4 3] 010 tt*»f!©£ifi©«M»IC#»***# 

Saft*l;:1BS-r*SS$Mf8itf (AT , K„ ) Oftff 
1 2t2Bftggl 7©m^y i. 
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ztmmmwit&i i©may. &M*t--5MJMg. 1 3 

(iMS§£l 2©maT**HJWift»bK:« (y i 
. -y. ) t»UT«HBIS3lili*Si;TniagO«»y-Y> 
K. 1 4tttHJAtf*Ttttt*«Ott 

>i ) *«A»anT^»*wtt#i»*ig»asi i©ffi#£ 

'JKE1fcaftfc»*MS» (jEK«#) yh. £fg«-75 
yKONOA*»C|?l»!UTa*fflUTffi*-r*a»«* 
10 .SB. 1 6 «y— h[38g 1 4©ffl7jy„ Srlfy^x— 
C*Sf aWPIB»«ttjliSS-&TflJ*y. (t-D)t 
LTffi^-r-Sa^ii, 1 7IH-HiR77^MODE 
jWlOOi^KilSEigl 6©ffl7Jy„ (t-D)SrSSL 
«1 2\Z&m$LBy I. £LT2£fflU *-HaW7 7 
^MODE;Wi8l ©£#f-&^3S£gin 5©iii7Jyh„ 
£M3¥2§ 1 2 lc»«£fl£ yi. i UTiimTa ii^Sg. 

s c Kmmnmmffi 1 1 . sssg* 1 6 * i^iits 

©ffi^icffio ti^-s. y- htniss 1 4*^m*stis 
a. 

[0 0 4 4] *Hffi©ff^tC*3^Ttt, «±W«l^tCttl 
*T*©J:3fc*j£Sffl*.TIr»*. 01 0C*V>T, 1 

8 jitr^^x-^ d <«*#**ufes©*£ttm-*tt 

30 mm^mwm^—y)^ i9a^t77yKON©M 

K©^±^(c*r7> hfi* l-To-f >^U/>hL, # 

^>hffl**«*«tbra2^UT*SOTAtf4 0 9 5 

(=2 ,! -l) tCjgLAcB#*T% ^0l«4O9 5$: 

iciBttsnfcMSiy'r >k. ott*tt*turst»y-f > 

18llfc^Ttt. ^JAffitJii© (SI) ic^-TJ;5lc. 

a»y-r ^jpfflf— ^ju2 oicist»Ttt, 

tf^tB© («2) (c^f J;5C, nmmt>v>5> 1 9© 
cne«)r- yji/tiv-r a >©ROMt3*&s^$nxvi 

d©^l : i : -&fi)cgS«, ^J^.«*l^^^© 
50 [0045] 011.012,013 tt*%BJ©^JE© 
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[0 0 4 6] «±©J:5K«J5fcanjt*e^J*g«©Sfr 

bj-t-Sc mirsh 7 ic»-r«*-Haw7v^M 

ODE ttffi 0 T?t>fi 1 Tfc«ifim$CDl#tt£fco/fc* : g : 

DESIltLfcl^. Bp-BJft»5E*B5l 5®m*yh 
n 1 7 Tl^T?ffl»»fflf f y. »S»y i 

[0047] sr. (»6) tc^-r 

IS»*eaf (AT, , K. ) £»JW*flM6£#lxT 

[0 0 4 8] tt*0**^*fi«"C«l^lfflfS»JBAT. 
<Dffi£0. 0 0 5 tLTlfL, «»y-f>K. jW»0 

[0 0 4 9] ->XT-A*)«**aUC-a-f»C. U5-yh1t 

fiP^ ->X5^A^ D -y i7 S C KCD^^^-T 5 >y^P#^S*J 

(Djj&tLxte. m^mmmmm^i i*, jEffi»s 

-5 «t 5 & 2 ^CD^Jg 7 -< CD J: 3 ^ X t- 



22 



[0 0 5 0] L^b. *^^CD*HffiCD}g^lC*3tiT 
tt. 1 ltt#*»5'X5\kT*S©-e, 7 

AcD*!^. U57 h-tM^KD^-K (JfiS&CDjSU'b 

10 [0 0 5 1] iE-d-e. *^njcD*^CD^fC*5^Ttt> 
^dfcJSDTWrlHHS^AT. <D<i£S?J»-rs CI tiCcfc 

o . immmmffi 1 1 u s y mm * ju©* 

cDP#p B lX^r-;i/S^t:$ti--5 Cit LTV^. 
[0 0 5 2] fie*CD«-&CDH 17, 018 fc*SHTtt. 

jttlT, *^JScD^lC*3'^T. ffii^lAT, £<ii 

0. 0 2tL, M^>K. SlOttSt, ill 
K*-riS&#iftJBri<»SftS. *it«fM^«-3BAT. ©fit 

20 0. 0 2 CDSST. jgSl^'l' >K 0 SrfitO. 7it5 

1, 012 tC^-T^jg^^f^n-So il2til8 
£&tt%c?2>L> WZfrlzm 1 2 CD^75*. J^ffiifccDigV* 
.j 5 7 ^-f (2 0 0 H z ©IES2&) ic 

ficf&uxus^ mm zjwm mk&fflw-f&tcwz 

\t, <«l) K:jSf«fc5&. fcfy^— i'd t^iwa^ 

[0 0 5 3] 
[*1] 
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0 . 0 0 2 7 3 
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0 . 0 0 2 8 1 
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0 . 0 0 2 8 9 


3 8.89 
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0 . 0 0 2 9 7 
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! 


8 7.31 




4 1 


0 . 0 0 4 4 5 


9 2. 50 




4 2 


0 . 0 0 4 5 9 


9 8. 00 




4 3 


0 . 0 0 4 7 2 


10 3. 83 




4 4 


0 . 0 0 4 8 6 


110. 00 




4 5 


0 . 0 0 5 0 0 


116. 54 




4 6 


0 . 0 0 5 15 


12 3. 47 




4 7 


0 . 0 0 5 3 0 




3 0. 81 




4 8 


0 . 0 0 5 4 5 




3 8. 59 




4 9 


0 . 0 0 5 6 1 


14 6. 83 




5 0 


0 . 0 0 5 7 8 


15 5. 56 




5 1 


0 . 0 0 5 9 5 


16 4. 81 




5 2 


0 . 0 0 6 1 2 


17 4. 61 




5 3 


0 . 0 0 6 3 0 


18 5. 00 




5 4 


0 . 0 0 6 4 8 


19 5. 00 




5 5 


0 . 0 0 6 6 7 


2 0 7. 6 5 




5 6 


0 . 0 0 6 8 7 


2 2 0. 00 




5 7 


0 . 0 0 7 0 7 


2 3 3. 08 




5 8 


0 . 0 0 7 2 8 


2 4 6. 94 




5 9 


0 . 0 0 7 4 9 


2 6 1. 6 3 




6 0 


0 . 0 0 7 7 i 


2 7 7. 1 8 




6 1 


0 . 0 0 7 9 4 


2 9 3. 66 




6 2 


0 . 0 0 8 1 7 


3 11. 13 




6 3 


0 . 0 0 8 4 1 


3 2 9. 6 3 




6 4 


0 . 0 0 8 6 6 


3 4 9. 2 3 




6 5 


0 . 0 0 8 9 1 


3 6 9. 99 




6 6 


0 . 0 0 9 1 7 


3 9 2. 0 0 




6 7 


0 . 0 0 9 4 4 


4 15. 3 0 




6 8 


0 . 0 0 9 7 2 


4 4 0. 00 




6 9 


0 . 0 10 0 0 


4 6 6. 16 




7 0 


0 . 0 10 2 9 


4 9 3. 88 




7 1 


0 . 0 10 5 9 


5 2 3. 2 5 




7 2 


0 . 0 10 9 1 


5 5 4. 3 7 




7 3 


0 . 0 112 2 


i 




i 


j 


16 6 1. 2 2 




8 6 


0 . 0 19 4 3 


17 6 0. 00 




8 7 


0 . 0 2 0 0 0 


18 6 4. 66 




8 8 


0 . 0 2 0 5 9 


19 7 5. 53 




8 9 


0 . 0 2 119 


2 0 9 3. 00 




9 0 


0 . 0 2 18 1 



[0 0 5 4] miit-*y=¥^y^>m(D^-&^\t^:'>S.a. 

h z tti&wvj b >t*7 7* xasea^ffl^nsw 

7)Vb^^jy^>iits.K>. *UT4 4 0Hz#fittV 

%, (try? 1 ) (c±ot. #fflsn«.-y-+v7*> 40 
[0 055] -tn-r.' &a-y-*v7*>©*fis*#aw 

•y^<fc OiS^JH&^E- Hcot>£» iCJtfSU znZH®. 
^(Dfz&iZ. *9&m<D&ffi<DMWi\ZjS\,*Xlit, (it 

1 ) .tc^-r=t o \z, immmmffl 1 1 ^'Mts u 3 -y 



t C Jft U T ^ T Z> J: 3 I C ffi fi£ L- © T" $> Z> . 
[0 0 5 61**3, mi) (DJiOlZ^y^—iwm 

TZ&ftJin&f (AT, , K„ ) CDHSMglCcfc^TS 
[0 0 5 7] ^(C. }m&MW)31 1j&< (ft 3) tc^-r 
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:£f (at. , k„ > fc«jrr*««£WLTir»*i"r 

•5. 

[0 0 5 8] t£*0**^J«S«Ttt, m^mcDiLt> 
±ii*Q&M* 8E«iy-f>K. ©ffi£0. 3tcH5tLT£- 

X 5=- A ? P ^ S C K (D?£±5"( S. > tflZlfc VTti 0 > 
hte£ffi0'a>5 lf^>i"J/>hU (*2) 

[0 0 5 9] 
[*2] 



(2 0) 






0 


0 


1 


0. 0 0 0 15 


2 


0 . 0 0 0 3 0 


3 


0 . 0 0 0 4 5 


4 


0 . 0 0 0 6 0 


5 


0 . 0 0 0 7 5 


6 


0 . 0 0 0 9 0 


7 


0 . 0 0 10 5 


8 


0 . 0 0 12 0 


9 


0 . 0 0 13 5 










19 9 5 


0 . 2 9 9 2 5 


19 9 6 


0 . 2 9 9 4 0 


19 9 7 


0 . 2 9 9 5 5 


19 9 8 


0 . 2 9 9 7 0 


19 9 9 


0 . 2 9 9 8 5 


2 0 0 0 


0 . 3 0 0 0 0 


2 0 0 1 


0 . 3 0 0 0 0 


2 0 0 2 


0 . 3 0 0 0 0 










4 0 9 3 


0 ; 3 0 0 0 0 


4 0 9 4 


0 . 3 0 0 0 0 


4 0 9 5 


0 . 3 0 0 0 0 



[0 0 6 0] S?2 CZcfctlfct ammt)<5>9 1 9<DXV 

> himm 2000 \zts.^-n-m.W]f< >k„ *-jz.<n 

TsT-v-f (0. 0 0 0 1 5) TllOiO^fflO. 3 *T?4fc 
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So BP*. *#»®*»SC , 6±**D^6 2 O O 0#-f >h 
» (*#h 0 y^T&-5 2 0 OHzCDj^ifcfl^CglSLT 
m8WLBftT'&<0 (2 0 0X (2 0 0 0/4 8 0 0 0) 
*=?8. 33) , El 1 3 iz&ttzmm t a) 

*. 

[0061] stfty-r >fflfflm7—-7)i2 o»4, 
icisuTisKiy'r >k„ ©ffi^ig^wic^tT^.toft 

UttiLfeA', ^tf*^>h*2 0 0 0t^T. B# 
Tt>J:V». ft*5. giyV>Wfflf-^l/2 0H M 

20 [0 0 6 2] J^±©J;5lr> *«9J©l£«©JBIg£J;ft 

t°-y^* ? «< ^5iconT#^jgKap 1 1 *^*-rs 

[0 0 6 3] fciS. @«'ii»««[»C»l»ffl'7 L -^H 8 
-^£B#ffiSft-JiiAT„ OSE»«H4*3Ejer*C14:lc«J: 

2r85£f (AT, , K. ) ©fflg^. «»3E£lfl5l 5^ 

[0 0 6.4] Sfc, *H*©»ffi»CJ:ntf. I+B#ffl#^ 
1 9 tStfty-f >W»fflT— ^2 OM^fMOigja 

tosuTSfs-^r >k„ *tto^etto. 3 ummm 

fit) {C[6]ttT^^lcmS0$-t±-2>CttCJ:-3T. 

R»»a*ify^»:q»i;fc5fe€Ufc«»i«}g, apneas 

[0 0 6 5] fe^^BBl 5 t LTtt, ^i&S** 
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